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@ Arltelea exhlbKIng a blood-compatible surface layer and procesa for provldbig arficlea with such a surface layer. 



(g) Article exhibiting at least one surface of glass, metal or 
l^rophoblc polymer coated with blood-compatible surface 
layer, In which the biocompatible surface layer constts of an 
adsorbed hydrophobized water-soluble poiymer. Process for 
providing said articles by adsorption of hyrophoUzed water-so- 
luble polymer. Use of such a substrate material coated with said 
surface layer for manufacture of medical articles having a 
blood-compatible surface. 
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Description 

Articles exhibiting a blood-compatlble surface layer and process for providing articles with such a surface 

layer 

5 Field of the invention 

The present invention relates to articles exhibiting a blood-compatlble surface layer and rnethods for 
providing such articles with such a surface layer and In particular for providing articles useful within medidne. 
More particularly, the Invention relates to articles exhibiting at least one surface of glass, metal or a 
10 hydrophobic polymer coated with a blood-compatlble surface layer and processes for providing articles 
exhibiting at least one surface of glass, metal or a hydrophobic polymer with a coating of a blood-compatible 
surface layer, as well as the use of substrate material of glass, metal or hydrophobic polymer, coated with the 
surface layer of an adsorbed hydrophobized water-soluble polymer preferably a non-protein for manufacture 
of a medical article having a blood-compatlble surface. 
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Background of the invention 



Prior art technique to provide articles useful in medicine with a blood-compatible surface layer often 
comprises an alteration In the surface energy of the material. An Improvement in the properties of various 

20 materials has been obtained by modifying the surface layers either to a more hydrophobic character or to a 
more hydrophilic character. Hydrophoblzation of the surface layer, for Instance by the methylbation of a glass 
surface, results In a decrease in the effectiveness of the surface activated coagulation system of the blood. 
However, proteins such as fibrinogen are bound comparatively firmly to such surface and to this protein layer 
certain cells, the thrombocytes, can be bound and activated whereafter coagulation is started even though it 

2S proceeds slowly. Hydrophilic surfaces, e.g. hydrolysed nylon or oxidized aluminium, have presented reduced 
binding of cells but the surface activated coagulation system is not prevented at these surfaces. The use of 
these surfaces In contact with blood thus Implies the addition of anti-coagulants, for Instance heparin to the 
blood. 

Another prior art surface treatment technique for preventing coagulation comprises binding of 

30 anticoagulants Into the surface layer. Heparin has primarily been used with this technique. Heparin is a 
hexoseamlnehexuronlc acid polysaccharide which Is sulphatized and has acid properties, I.e. heparin Is an 
organic acid: According to DE-A-21 54 542 articles of an organic thermoplastic resin Is first impregnated with 
an amlno-silane coupling agent and the article thus treated is then reacted with an acid solution of heparin salt 
to the binding of heparin in the surface layer by means of ionic bonds. Surfaces thus treated with heparin have 

35 proved to reduce the coagulation reaction. A considerable disadvantage of these surfaces, however, Is that 
the heparin treatment does not prevent the adherence of thrombocytes, which is a great problem In. for 
Instance, heart-lung machines. 

On the 10th Annual Meeting of the Society for Biomaterlals (Washington D.C. April 27, 1984) was descnbed 
that polyethylenglycol surfaces on quartz minimize protein adsorption. Procedures for covalent binding of 

40 polyethylenglycol to surfaces have previously been described, e.g. in W086/02087. Poiylon complexes formed 
between a cationic and an anionic cellulose derivative have also been found to have good blood-compatl- 
billtjes (Ito. H. et.aL. J. Appl. Polym. Sci., Vol.32 (1986) 3413). Methods of covalent binding of water-soluble 
polymers to surfaces have also been described, e.g. In EP 166 998. 
It Is known that wrater-blnding gels, for Instance polyhydroxyalkylmethacrylate, reduce the adsorption of 

45 proteins and present a low adhesiveness to cells (Hoffman et al.. Ann. N.Y. Acad. Scl., Vol. 283 (1977)372). 
These properties are considered to be due to the fact that gels containing water give a low surface energy In 
the Interface to the blood. The prior art technique for manufacturing of water-binding gels, however, is 
Impaired by disadvantages such as complicated preparation technique and incomplete polymerization, which 
results In leakage of toxic monomers. A gel-like mixture of sacccharose and glucose included In a matrix of the 

SO polysaccharide dextran or dextrin is used in accordance with previously known technique as a tube for the 
connection of blood-vessels. This mixture should have the effect that no toxicity to the patient occurs that the 
Implantate Is dissolved In the blood after some time. It Is known that the neutral polysaccharide dextran Is 
miscible with blood without provoking any coagulation reaction. Dextran has been used as a surface coating 
on glass, aluminium and silicon rubber, and has been shown to reduce blood coagulation during blood contact 

55 with these surfaces as described in W083/03977. 

The adhesion of blood components to surfaces In contact with blood could be decreased by preadsorption 
of albumin to hydrophobic surfaces (Mosher, D.F In: Interaction of blood with natural and artificial surfaces. Ed. 
Salzman. E.W. Dekker Inc 1981). The adsorbed albumin does not form a stable coating, but Is desorbed dunng 
contact with blood and coagulation is induced although at a lower rate. 



Disclosure of the invention 



The object of the present invention is to provide articles useful within medicine with a blood-compatible 
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surface layer. This means, tor articles intended for use In contact with blood, that the article which Is alien to 
the blood Is treated In such a way that It does not induce coagulation or formation of thromboses. 

The present invention affords technique for the surface treatment of material Important for medical 
technology, such as glass, metal and hydrophobic polymers (e.g. polytetraflouroethylene (PTFE)). 

The article according to the Invention which exhibits at least one surface of glass, metal or hydrophobic 5 
polymer coated with a blood-compatible surface layer, Is characterized in that the blood-compatible surface 
layer consists of an adsorbed hydrophobized water-soluble polymer. 

The process according to the invention for providing articles exhibiting at least one surface of glass, meta! 
or hydrophobic coated with blood-compatible surface layer. Is characterized In that said substrate surface of 
the article, after hydrophoblzatlon when required, is exposed to a hydrophobized water-soluble polymer, 10 
which adsorbs, to said substrate surface. 

The substrate surface has to be hydrophobic before coating. For metals or metal oxides this can be 
achieved by methyllzatlon with sllanes. 

The polymers used In the present Invention are hydrophobized derivatives of water-soluble polymers. This 
means that the polymers used are limited soluble In water depending on the degree of hydrophoblzatlon. 15 
Examples of possible polymers that could be. hydrophobized and used as surface coating polymers are 
mentioned below. 



Natural water-soluble polymers 

1) Starches, especially derivatives such as ethers 

2) Celluloses, especially cellulose ethers 

3) Other polysaccharides 

alglnic acid, gum arable, gum guar, gum tragacanth, tannin, tamarind and Jlgnin 

Synthetic water-soluble polymers 



1) PVA 

polyvinyl alcohol 

2) Polyethylene oxides ^ 
polyethylene oxide, polyethylene glycol 

3) Acrylates 
sodium polyecrylate 

4) Maleic anhydride polymers 

methyl vinyl ether-maielc anhydride copolymers 35 

5) Phtaiates 
polyhydroxy ethyl phtaiates 

6) Water-soluble polyesters 
polydlmethyloi propionate 

7) Ketone aldehyde resins ^ 
methyl Isopropyl ketone formaldehyde resin 

8) Acrylamldes 
polyacrylamlde 

9) Polyvinyl pyrrolidone 

PVP ^ 

10) water-soluble nylon 

The water-soluble polymer used in this Invention is a hydrophobized derivative of one of these polymers and 
It is characterized by the property of the ability to adsort) at hydrophobic surfaces. The hydrophoblzatlon of the 
polymer can be performed by binding of hydrocarbons to the polymer backbone. Examples of such 
hydrocarbons are alkyl-groups, benzyl-groups or alkenyl-groups. The hydrophoblzatlon renders the polymer 50 
partly insoluble In water with a flocculatfon above a certain temperature or above a certain Ionic strength. 

The substrate surface is exposed to a solution of the polymer at a temperature below fiocculation and at a 
salt concentration below floeculatlon. The hydrophobteed polymers adsorbs strongly lo hydrophobic surfaces. 
Preferred polymers should have a floeculatlon temperature of about 35*40" C. 

The treated surface proves biologically inert and surfaces treated In this way give reduced adsorption of 55 
proteins, adherence of cells and coagulation. The adsorbed polymer Is not exchanged by plasma proteins. 

The process according to the present invention can be applied within many fields. Thus, in heart-lung 
machines there are used many details which are made of aluminium which can easily be treated by 
methyl-silane to get a hydrophobic surface. ^ ^ 

The process according to the present invention Is Ideally suited for treatment of venous catheters. These are 60 
often manufactured In PTFE and this material is normally not blood compatible. For this material It is also 
difficult to find appropriate processes for covalent coupling of hydrophilic polymers. 

The Invention may also be applied In other connections, for Instance, for treatment of articles of hydrophobic 
plastics for sampling and/or storage of blood. 

The Invention will in the following be illustrated by a wori<ing example but Is not limited thereto and hence 65 
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modifications are of course conceivable within the limits of the claims. 
Working example 

5 

Coating procedure 

a) The polymer Is purified and Isolated by repeated heat flocculatlon and centrlfugatlon 
b A polytetraflouroethylene-tube (teflon), diameter 3 mm. and a polyurethane-tube. diameter 3 mm we^ 
10 Imniersed In a solution of ethyl-hydroxyethyl-cellulose (EHEC. 1 g/l. prepared accorcfing to US 3.926.951) in 
distaied vyater for 20 hours In room temperature. The tubes were rinsed in saline for 1 minute. 

Experimental tests 

IS Two different tests were performed. Incubation with a solution of fibrinogen at high concentration was 
perfomied In order to detect exchange reactions between the polymer and plasma protein "n<^bato with 
whole blood followed by measurement of released thromboglobulin was used to measure the stability of the 
polymer coating and the activation of platelets at the surface. 

20 Fibrinogen adsorption 

a) Coated and non-coated tubes were incubated In a solution of human fibrinogen (1 g/l) In saline for 30 
minutes at room temperature. 

b) The tubes were rinsed In saline for 10 seconds. 

SS 0) incubation In anti-fibrinogen antiserum diluted 1 :1000 for 1 hour at room temperature. 

d) Incubation with peroxidase-conjugated antl-antibodles for 30 minutes. ^ . , 

e) incubation In a solution of orthophenylenedlamine (0.5 g/l) and 0.01 Vo H2O2 in 0.1 M citrate buffer. 

PH«4.5. , 
: f) Addition of 2 iy^ H2SO4 and reading of absorbance at A.- 450 nm. 

30 

Blood-compatibility test 

a) Venous blood (18 ml) was tapped from a healthy donor into 2.0 mi of a soluUon of hirudin in saline (500 IE 

/ml) (Hirudin Is a thrombin Inactivator). w x - « u «• 

35 b) The blood was filled Into coated and non-coated tubes and allowed to incubate for 2 hours at room 

temperature.^^^^^ was drawn into a syringe containing 0.2 mi diatube* and the mixture was centrifugated at 

^°d) Thrsl^prma^^^^^^^^ and the amount of p-thromboglobuHne using a commercial kit 

40 (Diagnostioa Stago). 

■ ■ ■ The results of the tests above are presented In table i and ii. Table I shows that the amount of fibrinogen 
45 adsort)ed to the tubes Is reduced by the coating with ethyl-hydroxyethyl-cellulose. Table II shows that he 
^ount of P^^^^^^^^^ released from the platelets during Incubation with blood is also reduced by the 

coating with ethyl-hydroxyethyl-cellulose. 
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TABLE I 



Amoimt of surface adsorbed fibrinog en as measured by the ELKA 





teflon 


poly- 
uiethai\e 


poly- 
propene 


latex 
rubber 


poly- 
vinyl 


silicone 
rubber 


poly- 
styrene 


uncoated 


0.953 


0.868 


0.406 


0.220 


0.439 


0.794 


0.634 


EHEC 
05^0* 


0.242 


0.188 


0.304 


0.110 


0.268 


0.246 


0.005 


EHEC 
(45OC)* 


0.969 


0.420 


0308 


0.153 


0.274 


0.560 


0.016 


(<RT)* 1.042 


0.922 


0.434 


0.131 


0.203 


0.722 





Footnotes: * flocculation temperature of the polymer in distilled water. 
• * propyl-hydroxypropylcellulose 



TABLE n 

Amount of fi-thromboglobuline released as measured by FTJg A 

teflon polyurelhane 

imcoated 1.38 1.67 

EHEC 

(35OC) 0.44 0.85 
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Claims 



4 Zcle aocoTclIng to claim 3 in which the polysaccharide l8 "WdfOPhobaed 

TTr^ola according to Calms 1-7, characterized in that the hydrophobic polymer surtace Is 
''TaS aSnS to Claims 1-8. characterized In th« It la a catheter, tube or a device for sampling and/or 
VmI"^^ to elalma 1-7. oh^acterized In that it Is a hearl-iung machine exhibttlnfl at least one 

iS'ri^oSc aCrtum surface with a ooa«ng °^ !>^''^°:^^^:::;^::ZL metal or a hydrophobic 
11. f^oeessfor providing articles exhibiting at '«f^' ""f^^^f of *e Ule. 

^«o\^^rrr^."^^^^^^ 

said hydrophobic surface of the substrate. ^nh/mer coated with a surface layer consisting 

^\;^'^^:;:ZZir^J^ ^fr^a^Srrmldlc. amce hU a blood 
compatible surface. 
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